Five chemically sprayed and 15 plowed and seeded areas in southwestern Montana were examined to determine the influence of several environmental factors on big sagebrush reinvasion. Sagebrush surviving the treatments was found to be the most important factor related to reinvasion. Plowing near or after sagebrush seed maturation resulted in heavy reinfestation of seeded stands. Sagebrush adjacent to treated areas was of no practical importance as a seed source for reinvasion. Non-sagebrush vegetation, slope, erosion, soil texture, and precipitation were seldom related to sagebrush reinvasion. Northwest exposures favored reinvasion.
Large acreages of big sagebrush (Artemisia tridentata)
have been treated by various control methods in the Intermountain region. Successful reduction of sagebrush densities has resulted in increased grass production.
Two common methods of sagebrush removal are chemical spraying and plowing.
Spraying has the advantage of not disturbing the soil but is successful only when ample desirable grasses are present to assume dominance. Plowing usually requires seeding.
Unfortunately, big sagebrush reinvades many treated areas.
Observers generally agree that intensive grazing has resulted in increased density and distribution of sagebrush (Lommasson, 1946; Frischknecht and Plummer, 1955; and others) . Beneficial results of control measures are often temporary due to rapid reinvasion following initial stand reductions (Lommasson, 1947; Bleak and Miller, 1955; Frischknecht and Plummer, 1955; and others) .
Seed source is the primary question in sagebrush re-establishment.
Mueggler (1956) concluded that wind-borne seed was restricted to within a few hundred feet of the treatment edges, and that residual seed was the greater source for reinvasion on burned areas in Idaho. The maximum distance of seed dissemination by wind was found to be about 33 m by Goodwin (1956) who also indicated that morphological characteristics of sagebrush seed allowed adherence to passing objects upon contact. Frischknecht and Plummer (1955) stated that seed was transported to a 45-acre site by wind and to some extent by animals. Lommasson (1946) and Bleak and Miller (1955) concluded that sagebrush reinvasion resulted from seed produced by plants surviving eradication.
Sagebrush seed production and subsequent potential re-establishment vary with date of mechanical eradication. Bleak and Miller (1955) found spring eradication resulted in low sagebrush kills with the remaining plants becoming prolific seed producers. Pechanec et al. (1944) and Bleak and Miller (1955) stated that fall eradication after seed set scattered the seed and prepared a good seed bed.
Many studies have concluded that seeded grass stands cannot become established unless the competitive effects of mature sagebrush are reduced (Pechanec et al., 1944; Blaisdell, 1949) . Once perennial grasses are established, however, young sagebrush seedlings tend to become excluded (Pechanec et al., 1944) . Beetle (1960) observed that grasses were more likely to establish when a litter layer was present than were sagebrush seedlings. Robertson ( 1947) reported mature sagebrush plants contributed to sagebrush seedling establishment since the areas under the shrubs were void of grasses.
Years favorable for natural sagebrush seedling establishment come at irregular intervals (Blaisdell, 1949) . Bleak and Miller (1955) stated that available moisture was a primary factor. Lommasson (1946 Lommasson ( , 1947 Two types of plots (hence the term "paired plots") were used in sampling.
One plot was one meter square and the other was circular with a radius of one meter, both with the same center. Six of the plowed and seeded locations lacked significant positive correlations in the first year after treatment.
Five of these had significant positive correlations in later years. It is concluded that unkilled sagebrush is the major cause of reinvasion.
The generally low correlation values for all locations and years indicate that as long as there is some limited number of mature sagebrush plants present to provide seed, additional mature shrubs will not affect reinvasion. The lack of significant correlations for young plants over four years old indicates that factors affecting plant survival are of primary importance as the plants grow older. Cottonwood Creek, and Trail Creek) were believed plowed in late autumn after sagebrush seed maturation.
JOHNSON AND PAYNE
The first year reestablished sagebrush plants averaged 2.3, 0.3, 3.8, and 0.4 plants/m2 respectively ( Table 1) . The exceptionally high early re-establishment rates likely resulted from a scattering of the new sagebrush seed crop throughout the freshly prepared seedbed. The reduced competition following plowing further served to insure high rates of early brush re-establishment.
The practice of mechanically removing sagebrush in the autumn after seed maturation appears to assure severe reinfestation of the treated areas.
Wind-borne
Seed.-Eight of the study locations were adjacent to sagebrush stands suitable for studying the influence of wind-borne seed on reinvasion. .
In these studies, precipitation never limited germination. Temperature appeared to control germination, but the summer survival of the seedlings was thought to be limited by precipitation.
With this in mind, June to July, May to October, and annual precipitation patterns were studied to determine whether differences in precipitation accounted for differential reinvasion rates. Three study locations were selected for examining precipitation-reinvasion relationships. These were among the first treated and consequently best suited for regression analyses due to adequate sample size (determined by number of years since the treatment).
In addition to the analyses of the three individual areas, all plowed locations and all 20 locations were considered collectively.
The results of the regression analyses were non-significant in all cases.
Although these results indicate no relationship between precipitation and reinvasion rates, the possibility should not be discounted.
It is possible that the proper precipitation data combination was not used. Perhaps an interaction of factors, including precipitation, is involved.
Effect of Soil and Topographic
Characteristics.-The influence of each of these factors was tested only where major differences in a factor occurred within a treatment area.
Soil texture was significantly related to the reestablishment of big sagebrush in two of the seven areas where soil textures varied. In these two areas, the highest reinvasion rate was found on silty soil. Since reinvasion rates in relation to soil
